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President-R. J. CANN, M.S., F.R.C.S. [February 7, 1958] DISCUSSION ON VIRUS INFECTIONS OF THE UPPER RESPIRATORY TRACT Dr. C. H. Andrewes (London):
Virus infections of the upper respiratory tract cover the most important causes of disability and absenteeism in the working population. The problem they pose is unsolved largely because they represent a heterogeneous collection of illnesses, and I shall discuss their etiology. Influenza may present itself occasionally as a very mild disease with coryza, and acute tracheo-laryngitis may be due to influenza, to the common cold, to adenoviruses or, most commonly of all, to agents yet undiscovered. The responses of the respiratory tract to viruses are limited in variety; so it is hardly surprising that the clinical pictures of these various infections overlap widely. During an epidemic due to one of them, a pattern can be discerned, but the sporadic case is apt to baffle the wisest clinician.
We may, of course, be asked whether it matters which virus is causing a particular case of tracheitis. We do not know that it affects either prognosis or, in the present negative state of virus chemotherapy, treatment. The importance is, I feel, a long-term affair. We have to disentangle this skein before we can hope to understand the epidemiology of these things, or hope to control them through vaccination or any other means.
Several techniques, or a combination of them, have been found useful for cultivating and identifying respiratory viruses. First, the influenza viruses, and some others, can be grown in fertile developing hens' eggs by various techniques. Most generally, they are isolated after inoculating into the amniotic cavity but can soon be adapted to growth in the more convenient allantoic cavity (Table I) . ?-?-Second, embryonic fluids so infected will agglutinate red cells of fowls and various mammals, and the viruses can thus be readily titrated.
Third, some of the viruses will grow in vitro in tissue cultures of human, monkey or other species. Their presence can be recognized by destructive-cytopathogenic---effects on the cultures, or by the production of a haemagglutinin, as in the chick embryos.
Fourth, it is possible to test for multiplication of virus in chick embryo or in tissue culture by inoculating material into animals, to see if disease is produced: this includes putting material into the human nose,to see whether colds result.
Finally, wherever a positive result is obtained, an attempt can be made to neutralize it with specific antisera; or diagnosis can be established by use of the complement-fixation test. Usually it is necessary when using any of these tests for diagnostic purposes to compare "acute" and "convalescent" sera to look for an antibody rise, since many "normal" human sera contain some antibody to these various viruses. I can now list at least 9 upperrespiratory viruses and the tests which are applicable to their diagnosis. JULY Influenza A is easily isolated in eggs or in tissue culture from nasal washings or garglings, taken early in the disease. It hmmagglutinates, and specific sera readily show what it is. But there is one complication-it changes its antigenic make-up from one epidemic to another, sometimes very radically, as happened in 1957. The heemagglutinin-inhibition test then fails to reveal its true nature. However, by complement fixation all influenza A strains are alike, so we should not be led astray. If virus is not isolated, a diagnosis can still be made by examining paired sera and detecting a rise in hiemagglutinin-inhibiting or complement-fixing (c.f.) antibodies. Since normal human sera rarely contain much c.f. antibody, a good titre in a single, convalescent specimen, is presumptive evidence of infection.
Influenza B behaves very similarly: it rarely causes such widespread epidemics as does A, and its changes in antigenic make-up seem to proceed more slowly. Normally the presence of virus is detected in embryonic fluids by hemagglutination, but it is possible to do so by producing fever and rhinitis in ferrets, or pneumonia in mice.
Influenza C is probably an uncommon cause of clinical infection in man. It has been reported in association with actual outbreaks, sometimes alongside influenza A. Antibodies against it may be widespread, but subclinical infection is probably common.
Sendai virus or heemagglutinating virus of Japan.-This has also been called influenza D, but the biological properties of the virus are nearer those of mumps than of influenza A.
It was first described as causing pneumonitis of newborn children in Japan; also as being present as a latent infection of laboratory mice, both in China and Japan; and as causing ,epidemics amongst pigs. A human epidemic due to the virus has been reported from Vladivostock, but I have seen no details. Presence of antibodies in human sera is reported from Britain and the U.S.A. but their significance is obscure, especially as virus has not been isolated outside Asia. There seems at present no good reason to use the term influenza D.
The CA (croup-associated) virus described by Chanock and by Beale may belong with the preceding hmmagglutinating viruses which are classified as myxoviruses. It was isolated in tissue cultures but also grows in eggs. Its importance as a cause of human disease is unknown, but serological evidence indicates that it is widespread, whether causing clinical or subclinical infection.
The adenoviruses.-These viruses are recognized by ability to grow and produce destructive effects in tissue cultures of various kinds. By neutralization tests in tissue cultures they can be divided into numerous serological types but they possess a complement-fixing antigen in common. They were first recognized as causing latent infections of human tonsils and adenoids but turned up, soon after, as causes of acute respiratory infections, especially among recruits. Conjunctivitis sometimes goes along with acute pharyngitis and the term pharyngo-conjunctival fever has been used. The infection probably corresponds in large part to the febrile catarrh which Stuart-Harris, Wilson Smith and I wrote of in 1937 as affecting service units. Types 3, 4 and 7 seem chiefly concerned in these outbreaks; though they occur in civilian life, their importance outside the Services is still undetermined. Most studies indicate that cases of febrile catarrh amongst civilians are largely caused by agents yet unidentified. Adenoviruses also cause one form of primary atypical pneumonia.
Chimpanzee viruses.-Two groups of workers in America have described two different viruses causing "common colds" in chimpanzees and possibly associated also with colds in man. There is again serological evidence that at least one of these is widespread as a human infection. 2060 and JH viruses.-Again we have two groups of workers in America who have isolated viruses, this time very simnilar ones, associated with colds or something like colds. These grow in tissue cultures of monkey kidney. Winston Price's JH virus recently attracted considerable attention in the American press, when he described attempts at protective inoculation of children; this was hailed as a common cold cure. There is, in fact, little reason to believe that the JH virus is a major cause of colds. In our hands at the Salisbury Common Cold Research unit, cultures of JH virus have not produced colds on instillation into people's noses. The virus does, however, frequently persist for some days in the nose and it is possible, though not yet certain, that cultures may cause colds after one or more human passages.
Common cold.-Several viruses already mentioned might be considered as candidates for causes of common cold. There are 3 others, 1 from our laboratories at Salisbury, deal with a hydra?" It will be recalled that Hercules had some trouble in destroying this animal, for every time he cut off one of its many heads it sprouted a new one. So we may identify and even learn to immunize against a common cold virus, only to find that a new virus has taken its place. We do know that there must be more than one virus giving symptoms commonly diagnosed as colds. We have propagated in series one line which has a regularly longer incubation period than do most others-about four, as against two or three days. Susceptibility to inactivation by ether is a property which differentiates some groups of viruses from others. Our tests against different strains of cold viruses have given different results, suggesting that in this respect also cold viruses may not be uniform.
We are learning almost month by month of new respiratory viruses and how to recognize them. The problem is a difficult one but we now have clues which could lead to its solution.
Professor C. H. Stuart-Harris (Sheffield):
The traditional clinical classification of the acute infections of the respiratory tract was based on the anatomical position of the area chiefly involved. Rhinitis or the common cold was thus distinguished from pharyngitis or tonsillitis and these in turn from laryngitis and bronchitis. There existed, however, diseases such as diphtheria, scarlet fever or influenza in which the sum total of clinical characters enabled their recognition as clinical entities and these were readily associated with the causative organisms when the latter were recovered. The correlated clinical and laboratory studies on influenza which were made in this country in 1937 not only confirmed historical views on the clinical pattern of this virus infection but emphasized the difficulty of a differential diagnosis based purely on clinical features. Catarrhal conditions of the respiratory tract characterized by an acute pharyngitis or by a combined pharyngo-laryngo-tracheitis were thus found to be frequently unassociated with the influenza viruses (Stuart-Harris et al., 1938) .
The diagnosis of acute viral infections of the upper respiratory tract must start by excluding bacterial infections which in any case provide a minority of the cases commonly encountered. In a recent large series of cases of acute respiratory disease among students at the University of Wisconsin, Evans (1957) found that only 16-3y% of 2,331 patients exhibited infections which could be attributed to bacteria. It must be remembered, however, that heemolytic streptococcus infection, Vincent's angina, and the anginous form of infectious mononucleosis constitute important differential diagnoses of catarrhal pharyngitis in its exudative form which is now recognized as one form of adenovirus infection.
Another important principle is the anatomical and functional unity of the whole respiratory tract. Upper respiratory tract infections by viruses such as influenza or the adenoviruses are frequently accompanied by lower respiratory tract involvement. The epithelium of the respiratory tract furnishes a continuous sheet of cells which is often attacked indiscriminately by influenza virus "browsing over" the mucosa. We know little of the extent of the attack by other viruses such as the common cold virus which cannot be studied readily in the laboratory.
Syndromes of Acute Respiratory Disease
(1) Influenza.-We come now to the four main syndromes: influenza, the common cold, atypical pneumonia and febrile catarrh with particular reference to the pathological changes seen in the upper segment of the respiratory tract. This can be regarded as the area from nose to larynx with the extension to the conjunctiva, nasal sinuses and middle ear. Influenza virus appears most characteristically to attack the posterior nasopharynx and the mucosa of the nose rather than that covering the tonsils or anterior pillars of the fauces.
A dry granularity of the posterior pharyngeal wall without obvious exudate results. The anterior fauces may appear normal though the uvula is sometimes reddened. The throat may or may not be sore on swallowing but this symptom is not prominent. Epistaxis, however, may be severe and often unexpected because coryza may have been inconspicuous though the nose is often blocked. The conjunctivie are usually involved in influenza so that mild suffusion results and occasionally lacrimation is intense. Cervical gland enlargement is unusual and trivial in degree. It is perhaps important to stress that the individual clinical illness bears no particular relation to the exact causative strain of the influenza virus. Influenza A and B look the same and feel the same to the doctor and patient and chest complications occur in both. The larynx usually comes in for a share of the pathological effects but a husky voice is commoner than one which has obviously lost most of its tone. Occasionally aphonia is present. The emphasis upon general malaise, the aches and pains, the headache and fever all assist in diagnosis. There is almost invariably a cough and sputum is far from infrequent. 7 471 Influenza virus infection fortunately clears up with little tendency to attack the sinuses or middle ear though this rule is occasionally broken. I have seen little tendency to subsequent streptococcal disease, and pneumococcal infections have usually been confined to the chest. The Staphylococcus pyogenes has been the most important secondary invader in cases of influenza during the recent Asian virus outbreak.
(2) The common cold.-The common cold has so far triumphed over the virologist but clnicians cannot claim any better luck in treatment of the patient. Largely an afebrile disease with transient constitutional involvement, the cold is unfortunately a great source of trouble in both upper and lower respiratory tract. The profuse watery discharge is usually unaccompanied by much pharyngitis or laryngitis. In those prone to chronic disease of the chest, however, rhinitis is soon succeeded by a "cold on the chest" with increased cough and sputum. It seems probable that sinusitis and otitis media follow the cold virus in some persons as night follows day so that there is a constitutional or even a mechanical factor which determines the particular clinical picture. Whether or not a particular species of bacteria stalks along with the cold virus is unknown but in the chest the Hwemophilus influenzw and pneumococci cause most trouble; in the throat the increased carriage of pneumococci has been noted by many workers and perhaps this may be related to the occurrence of sinusitis or otitis media.
(3) Atypical pneumonia.-Until more is known of the eatiology of the common cold, it will be impossible to say whether certain sequele of the cold such as aspiration pneumonia are, as some authors maintain, due to mechanical factors created by mucus or whether they are essentially infective episodes. Clinically, however, it is hard to distinguish an aspiration pneumonia occurring after an upper respiratory infection from an atypical pneumonia in which the nose and throat are also involved. None of the agents belonging to the psittacosis group or Rickettsia burneti which can cause atypical pneumonia can be regarded as being particularly pathogenic for the upper respiratory tract. Eaton's virus of atypical pneumonia (Eaton, Meiklejohn and van Herick, 1944) has been shown to cause atypical pneumonia associated with an increased titre of red cell agglutinins in the serum active at refrigerator temperatures. This virus grows particularly well in the bronchial epithelium of the chick embryo (Liu et al., 1956; Liu, 1957) . Perhaps in man it exhibits a wider predilection for ciliated columnar epithelium and thus causes rhinitis, pharyngitis or tracheitis, but much more work is needed upon the relationship of this agent to human respiratory disease.
(4) Febrile catarrh and adenoviruses.-The condition of the respiratory tract classified by us as "febrile catarrh" and by American workers as acute respiratory disease (A.R.D.) probably includes several different virus infections. In 1938 the existence of acute pharyngitis or tonsillitis in servicemen suffering from an influenza-like disease was established as a point of contrast from influenza A. Usually there was general injection of the fauces so that the tonsils and uvula as well as the pharynx appeared bright red. Occasionally petechial. haemorrhages were present on the soft palate. Some patients developed an exudate on the tonsils which was hard to distinguish from streptococcal tonsillitis. At times follicular, the exudate was sometimes more diffuse and glairy or even frankly mucopurulent and yet hwmolytic streptococci were absent. The throat was usually very sore, the voice often hoarse and the trachea was often involved as shown by a painful, irritating, barking cough. Cervical lymph gland enlargement occurred in half the patients who were studied but was not usually considerable in degree. Yet this exudative pharyngitis, as it was termed by the U.S. Commission on acute respiratory diseases during the war (Commission on A.R.D., 1944, 1947) , was inconstant. Other patients with A.R.D. had little or no physical signs and resembled those with influenza. Still others exhibited a profuse catarrh from the nose resembling a heavy cold.
Both in the U.S.A., where adenoviruses were first recovered, and in Britain, the syndrome of febrile catarrh in servicemen has been shown to be related to certain types of virus chiefly Types 4 and 7. In some American service establishments 60% of the cases of acute respiratory disease have been due to the adenoviruses (Hilleman et al., 1957 ). Yet in Britain, the adenoviruses, though causing outbreaks in 1955 (Andrews et al., 1956; Tyrrell, Balducci and Zaiman, 1956 ) have been relatively infrequent as a cause of acute illness even in the Forces.
Among the civilian population children appear to bear the brunt of the attack of adenovirus infection. American workers were again early to the fore with their account of conjunctivitis accompanying pharyngitis in children and this caused them to classify outbreaks of the disease as "pharyngo-conjunctival fever" (Bell et al., 1955) . Similar outbreaks occurred in Britain and elsewhere in Europe chiefly in 1955. A conjunctivitis has been present, though far from constant, and the rest of the clinical picture has conformed to the febrile catarrh of the soldier. Types 3, 7 and 14 have caused such illnesses in school-children in Britain (Kendall et al., 1957) . Apart from these outbreaks and others limited to conjunctivitis it has been difficult to attribute much clinical disease to the adenoviruses. Some virologists indeed consider the adenoviruses to be characteristically latent viruses causing a state of chronic infection which persists even though serum antibodies may be present as in the case of herpes virus. The possible role of the adenoviruses as a cause of tonsillar or adenoidal hypertrophy is worth consideration because it is in these glands removed by the surgeon that a high percentage of latent adenovirus infection has been demonstrated. As many as 90 % of glands removed surgically harbour adenoviruses chiefly of Types 1, 2 and 5 (Huebner et al., 1957 ).
Yet strains of adenoviruses such as Types 1 and 2 which have been recovered from adenoids have been shown to be fully pathogenic for the human volunteer both in this country and the U.S.A. The person inoculated with these viruses usually develops an acute febrile respiratory disease often with an anterior pharyngitis (Roden et al., 1956; Bell et al., 1956) .
It seems, however, that the adenoviruses cannot be blamed for much of the endemic acute respiratory disease which attacks each winter and produces the familiar acute family outbreaks of illness varying from coryza to acute bronchitis. Huebner, Bell and Rowe (1957) consider that about 5% of febrile illness in the pre-school child is due to the adenoviruses; between 6 and 17 years of age only 2-65 % of illnesses are so related, and the frequency for adults is only 0-3 %. Even the ordinary acute sore throat of civilian practice which fails to yield the hkmolytic streptococcus does not invariably yield adenoviruses on cultivation of throat swabs (Jordan, 1957) . The studies made in Sheffield in 1955 on servicemen and civilians (Tyrrell, Balducci and Zaiman, 1956) showed that much of the problem of febrile catarrh remains after separation of the illnesses for which known viruses can be blamed.
How many of these illnesses may be due to the cold virus or to agents such as the laryngo-tracheo-bronchitis virus of Chanock (1956) or the JH virus of Mogabgab and of Price (Pelon et al., 1957; Price, 1956 ) is for future workers to decide. The story of much of the acute respiratory disease due to viruses is unwritten.
